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ABSTRACT 


This is the fourth bulletin to be published under a cooperative 
agreement between the Institute of Boiler and Radiator Manufac- 
turers and the University of Illinois. The agreement was formally ap- 
proved January 2, 1940. Results are presented of tests made during 
the heating seasons of 1943-44 and 1944-45 on a hot-water heating 
system in which an unusual design of radiation was employed. Both 
a one-pipe, forced-circulation, hot-water system and a gravity, two- 
pipe, reversed-return, hot-water system were used. The tests were 
undertaken to determine the effect of introducing heat into the rooms 
by means of long, low panels, heated by means of hot water. These 
panels were placed near the floor and extended along the exposed 
walls of the rooms. A second object was to compare the operating char- 
acteristics of the panels with the operating characteristics of con- 
ventional, small-tube radiators. 

A one-pipe, forced-circulation, hot-water system was used during 
the 1943-44 heating season. For the first part of the season small-tube 
type, 19-in., 4-tube, cast-iron radiators set in open recesses below the 
windows were used in all rooms of the house. For the remainder of 
the season the radiators in the living room, dining room, and all three 
bedrooms were replaced with wrought steel pipe extending along the 
exposed walls of the rooms near the floor. The steel pipe was used in 
place of conventional radiation in order to obtain preliminary data 
on the effect of introducing heat into the rooms at the floor level 
without having to make up special radiator sections. During the season 
of 1944-45 the radiators used in the living room, dining room, all three 
bedrooms, and the lavatory were of an experimental design made in 
the form of a hollow cast-iron baseboard approximately 6 in. high. 
The radiators, designated as “radiant baseboards,” were installed along 
the outside walls of the rooms, replacing the baseboard, and were used 
in conjunction with a two-pipe, gravity, hot-water system. 

At an outdoor temperature of zero deg. F. and an indoor tempera- 
ture of 72 deg. F. at the 30-in. level, when the rooms were heated by 
the radiant baseboards, the average floor to ceiling temperature dif- 
ference was only about 2 deg. F. as compared with 54% deg. F. obtained 
when the rooms were heated by conventional recessed radiators. The 
average temperature obtained 3 in. above the floor with the radiant 
baseboards was about 1.4 deg. F. higher than that obtained with con- 
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ventional recessed radiators, and the use of a radiant baseboard in the 
lavatory, which had a concrete floor laid directly on the ground, 
raised this temperature 6 deg. F. A cold floor is a major factor in con- 
tributing to discomfort in otherwise well-heated rooms, hence the 
tendency to produce a warm floor may be regarded as an important 
attribute of radiant baseboards. This attribute is most important in 
the case of the basementless house in which cold floors are particularly 
prevalent. Therefore, the use of radiant baseboards is especially adap- 
table to this type of construction. 

The temperature of the entire wall below the 60-in. level was higher 
than that of the room air at the 30-in. level when radiant baseboards 
were used, whereas with the conventional recessed radiators the tem- 
perature of this portion of the wall surface was from 0.2 to 1.6 deg. F. 
lower than the temperature of the air at the 30-in. level. 

When operating with reduced air temperatures at night, the per- 
formance obtained with radiant baseboards was, in general, the same 
as that obtained with the conventional recessed radiators. However, 
in the case of the radiant baseboards, the overruns in the temperature 
of the air 3 in. below the ceiling during the warming-up period were 
somewhat less than those obtained with the conventional recessed 
radiators. 

No material difference in fuel consumption could be attributed to 
the inherent characteristics of the radiant baseboards. 
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A STUDY OF RADIANT BASEBOARD HEATING 
IN THE I=B=R RESEARCH HOME 


I. InrTRODUCTION 


. 1. Preliminary Statement—This is the fourth bulletin to be pub- 
lished under a cooperative agreement between the Institute of Boiler 
and Radiator Manufacturers and the University of Illinois. This 
agreement was formally approved January 2, 1940. Under the terms 
of the agreement, the Institute is represented by an Advisory Research 
Committee consisting of five members. Since the inception of the pro- 
gram the following members of the Institute have served on this 
Committee: 

J. P. Macos,* Crane Co., Chicago, Illinois, 1940-1945 

L. N. Hunter,¢ National Radiator Company, Johnstown, Penn- 
sylvania, 1940-1945 

J. F. McIntire, United States Radiator Corporation, Detroit, 
Michigan, 1940-1945 

H. F. Ranpotpx, International Heater Company, Utica, New York, 
1940-1945 

8S. K. Smiru,t H. B. Smith Company, Inc., Westfield, Massachu- 
setts, 1940-1945 

G. L. CuHerastny, Thatcher Furnace Company, Garwood, New 
Jersey, 1945. 

It is the function of this committee to propose such problems for 
investigation as are of the greatest interest to the manufacturers and 
installers of steam and hot-water heating equipment. Of these prob- 
lems, the Engineering Experiment Station staff selects for study those 
which can best be investigated with the facilities and equipment avail- 
able at the University. The Institute provides funds for defraying a 
major part of the expense of this research work. 

Since January 1941 the I=B=R Research Home has been used 
continuously in studies on hot-water heating systems. An earlier 
bulletinf contains a discussion of the results of tests made on a one- 
pipe, forced-circulation, hot-water heating system using conventional 
small-tube radiators. The present bulletin contains a discussion of the 
results of tests made during the heating seasons of 1943-44 and 
1944-45 on a hot-water heating system in which an unusual design of 


* Chairman of Committee, 1941-1944. 

+ Chairman of Committee, 1940. 

t Chairman of Committee, 1945. ; 

{ “Performance of a Hot-Water Heating System in the I=B=R Research Home at the Uni- 
versity of Illinois.” Univ. of Ill. Eng. Exp. Sta. Bul. 349. 


if 
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radiation was employed. In these tests both a one-pipe, foreed-circu- 
lation, hot-water system and a two-pipe, gravity, reversed-return, 
hot-water system were used. 


2. Acknowledgments—The results presented in this bulletin were 
obtained in connection with a cooperative investigation sponsored 
jointly by the Engineering Experiment Station of the University of 
Illinois and the Institute of Boiler and Radiator Manufacturers. The 
investigation has been carried on as a project of the Department of 
Mechanical Engineering, and was conducted under the general ad- 
ministrative direction of Dean M. L. Encer, Director of the Engineer- 
ing Experiment Station, and of Proressor O. A. Leutwiter, Head of 
the Department of Mechanical Engineering. Acknowledgment is here- 
by made to various manufacturers who cooperated by furnishing ma- 
terials and equipment used in the investigation. 


3. Objects of Investigation—These tests were undertaken to de- 
termine the effect of introducing heat into the rooms by means of long, 
low panels, heated by means of hot water. These panels were placed 
near the floor and extended along the exposed walls of the rooms. A 
second object was to compare the operating characteristics of the 
panels with the operating characteristics of conventional, small-tube 
radiators. 


II. DrescripTION oF EQUIPMENT 


4. Research Home.—The Research Home, described in detail in 
Engineering Experiment Station Bulletin No. 349, is a two-story build- 
ing, typical of the small, well-built American home. The construction 
is brick veneer on wood frame, and all of the outside walls and the 
second-story ceiling are insulated with mineral wool bats 35 in. thick. 
A vapor barrier placed between the studs and the plaster base prevents 
condensation on the sheathing by retarding the passage of water 
vapor from the rooms into the insulation in the walls. The calculated 
coefficient of heat transmission, U, for the wall section is 0.074 B.t.u. 
per sq. ft. per hr. per deg. F. temperature difference. All windows and 
the two outside doors are weather-stripped. Two storm doors were 
used. The total calculated heat loss under design conditions, with 
temperatures of — 10 deg. F. outdoors and 70 deg. F. indoors, is 43,370 
B.t.u. per hr. for the house, excluding the basement. 


5. Heating System—A wet-bottom, cast-iron boiler composed of 
two 6-in. sections and one 4-in. section was used on the tests. This 
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boiler was insulated on top, sides, and back with an air cell insulation 
approximately 1 in. in thickness, and was completely enclosed in an 
enameled sheet-metal jacket. All cracks between sections were sealed 
with asbestos cement. The net I=B=R rating was 55,000 B.t.u. per 
hr. and the gross I= B=R output was 84,000 B.t.u. per hr. The boiler 
was supplied with a conversion-type gas burner, adjusted to a burning 
rate of approximately 100 cu. ft. per hr. of natural gas having a heat- 
ing value of 1000 B.t.u. per cu. ft. 

A one-pipe, forced-circulation, hot-water system was used during 
the 1943-44 heating season. For the first part of the season, small- 
tube type, 19-in., 4-tube, cast-iron radiators, set in open recesses 
below the windows, were used in all rooms of the house. For the 
remainder of the season the radiators in the living room, dining room, 
and all three bedrooms were replaced with wrought steel pipe ex- 
tending along the exposed walls of the rooms near the floor. The 
steel pipe was used in place of conventional radiation in order to 
obtain preliminary data on the effect of introducing heat into the 
rooms at the floor level without having to make up special! radiator 
sections. However, it is quite conceivable that such pipes might be 
used as the radiator in the case of some of the low-cost housing, 
where it, is essential to keep the first cost of the heating system to a 
minimum. The pipe is not too noticeable if it is painted to match the 
baseboard, as is shown in Fig. 1. 

The sizes and lengths of the pipes were selected so that the total 
heat emission was equal to that from the conventional radiators which 
they replaced. The heat emission from the pipe was calculated in ac- 
cordance with the data in Table 1, Chapter 43, page 777 of the 1943 
ASHVE Guide. The amounts of both types of radiation, together with 
the size, amount, and arrangement of the basement mains and piping, 
are shown in Tables 1 and 2 and Figs. 2 and 3. The locations of the 
radiators in each room are shown in Figs. 4 and 5. 

During the season of 1944-45 the radiators used in the living room, 
dining room, all three bedrooms, and the lavatory were of an experi- 
mental design made in the form of a hollow cast-iron baseboard ap- 
proximately 6 in. high. These radiators were designated as “radiant 
baseboards” and were installed along the outside walls of the rooms re- 
placing the wooden baseboard, as indicated in Fig. 6. A photograph 
of a typical installation is shown in Fig. 7, and a close-up view of the 
end of the radiator with access door removed, illustrating the method 
of making the pipe and vent connections, is presented in Fig. 8. A 
cross-section through the wall and radiator showing the method of in- 
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Fic. 1. Typicau INSTALLATION oF Pirzr ALONG OuTsmE WALL oF Room 
Near Foor ror RADIATOR 


stallation is presented in Fig. 6. Rice paper served as a dust seal to 
prevent the possibility of streaking the walls. Small-tube type, 19-in., 
4-tube, cast-iron radiators, shown by blackened rectangles in Fig. 6, 
were used in the vestibule, the kitchen, the bath, and on the stair land- 
ing. The total heat emission from the radiators used in each room for 
the 1944-45 season was approximately the same as that used during 
the previous season. During the 1944-45 season the same boiler was 
used in connection with a two-pipe, reversed-return system. This 
system was designed to operate with a mean water temperature of 215 
deg. F. and a 30 deg. F. drop through the radiators. The amount of 
radiation, together with the size, amount, and arrangement of the 
basement mains and piping, are shown in Table 3 and Fig. 9. 


6. Controls —Except for the fact that the circulator was omitted 
from the gravity system, the same controls were used for all the tests. 
The control system, shown in Fig. 10, included a room thermostat 
located in the living room, an electric clock with a self-contained time 
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switch, a high-limit boiler-water temperature control, a magnetic gas 
valve, a safety pilot; transformer, and relay. The room thermostat 
was of the heat-anticipating type placed 30 in. above the floor, and 
provision was made through the action of the clock and time switch 
to reduce the temperature setting automatically at night and restore 
it to normal in the morning. The high-limit boiler-water temperature 
control, which served to prevent overheating of the water in the boiler, 


was of the immersion type and was located in the top of the back sec- 
tion of the boiler. 


III. Test Procepure 


7. General Procedures——During all of the tests a burning rate of 
approximately 100 cu. ft. of gas per hr. was maintained. The burner 
was adjusted so that a CO, content of from 9 to 10 per cent was ob- 
tained at the smoke outlet of the boiler. The natural gas used was sup- 
plied from the Texas-Oklahoma Pipe Line, and had a high heating 
value of 1000 B.t.u. per cu. ft. 

The doors between rooms were open at all times. Observations of 
the room air temperatures, as determined by the thermocouples located 
3 in., 30 in., and 60 in. above the floor, and 3 in. below the ceiling, were 
recorded at 7:00 a.m., 11:00 a.m., 5:00 p.m., and 10:00 p.m. The 
temperatures of the air in the basement and the attic, and the relative 
humidity in the heated portion of the house were also observed at these 
times. Complete daily records were made of the operating time, the 
number of cycles and the power consumption of the gas burner and 
circulator, and the cubic feet of gas consumed. Recording instruments 
were used to obtain continuous records of the stack temperature and 
draft, the CO., the temperature of the water at the boiler outlet and 
return, the outdoor air temperature, the indoor relative humidity, 
and the air temperature in each room 3 in. and 30 in. above the floor 
and 3 in. below the ceiling. Other daily observations included the total 
amount of electricity, gas, and water used in the house, and general 
weather conditions. 


8. Series S—Tests included in series S, in which small-tube radia- 
tion was used in all rooms of the house, were conducted during the 
heating season of 1943-44. The average temperature of the air in the 
rooms at the 30-in. level was maintained constant at approximately 
72 deg. F. both day and night. A forced-circulation system was used. 
When heat was required, the gas burner and the circulator were 
started, and both continued to operate until stopped by the room 
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thermostat. If the period of operation was of sufficient duration to 
raise the temperature of the water in the boiler to 210 deg. F., cor- 
responding to the setting of the high-limit control, the latter ould 
stop the burner. The circulator, however, would continue to operate. 


9. Series R.—Tests included in series R were also conducted during 
the heating season of 1943-44. This series differed from series S only in 
that the small-tube radiation in the living room, dining room, and all 
three bedrooms was replaced with standard wrought-steel pipe extend- 
ing along the outside walls of the rooms near the floor as shown in 
Fig. 5. The steel pipe was used in place of conventional radiation in 
order to obtain preliminary data on the effect of introducing heat into 
the rooms at the floor level without having to make up special radiator 
sections. However, it is quite conceivable that such pipes might be 
used as the radiator in the case of some of the low-cost housing, where 
it is essential to keep the first cost of the heating system to a minimum. 
The pipe is not too noticeable if it is painted to match the baseboard, 
as is shown in Fig. 1. 


10. Serves T.—Tests included in series T, made on the same heating 
system as that used in series R, were conducted during the heating 
season of 1943-44. The test procedure for series T differed from that 
for series R, only in that the setting of the room thermostat was re- 
duced to 66 deg. F. at 10:00 p.m. and restored to 72 deg. F. at 5:30 a.m. 


11. Series C-44.—Tests included in series C-44, made on the two- 
pipe, gravity, hot-water system, were conducted during the heating 
season of 1944-45. The high-limit control was set to a temperature of 
235 deg. F., in order to make it possible to operate with an average 
radiator temperature of 215 deg. F., in case such a temperature 
should be demanded in sub-zero weather. The radiant baseboards 
shown in Figs. 6 and 7 were used in the living room, the dining room, 
all three bedrooms, and the lavatory. 


IV. Resvuuts 


12. Room Temperature Differentials——When changes were made - 
for each series of tests, all of the radiators in the second-story bed- 
rooms were replaced while some of those on the first story were left 
unchanged. Hence, it was considered that only the air temperature 
differentials observed in the second story should be used in making 
comparisons of the operating characteristics of the several types of 
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radiators used, and therefore the discussion in this section has been 
confined to data obtained in the three bedrooms. Data obtained in the 
first-story rooms showed characteristics similar to those obtained in 
the second-story rooms except that the floor to ceiling apes 
difference was from 1 to 2 deg. F. greater. 

As shown in Fig. 11, at an outdoor temperature of zero deg. F., 
when the three bedrooms were heated either by the pipe or by the 
radiant baseboards, the average floor to ceiling temperature differ- 
ence was only about 2 deg. F., as compared with 5% deg. F. obtained 
when the rooms were heated by conventional recessed radiators. For 
the sake of clarity, only the temperatures 3 in. below the ceiling, at the 
30-in. level, and 3 in. above the floor are shown. However, when either 
the pipe or the radiant baseboards were used, the temperature at the 
60-in. level was the same as that 3 in. below the ceiling. Thus the 
entire temperature difference occurred within a zone extending from 
3 in. above the floor to the 60-in. level. At an outdoor temperature of 
zero deg. F., the temperature 3 in. above the floor was 71.1 deg. F., 
the temperature at the 30-in. level was 72.0 deg. F., and the tempera- 
tures 60 in. above the floor and 3 in. below the ceiling were each 
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72.9 deg. F., while the corresponding temperatures for series S were 
69.7 deg. F., 72.0 deg. F., 73.3 deg. F. and 75.3 deg. F. respectively. 
Thus it may be observed that the use of either the pipe or the 
radiant baseboards resulted in a temperature 3 in. above the floor 
1.4 deg. F. higher than that obtained with the conventional recessed 
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radiators. It may be further observed from Fig. 11 that this difference 
between the temperatures at the 3-in. level increased as the outdoor 
temperature was decreased. 

Even more striking evidence of the tendency of the radiant base- 
board to produce warm air near the floor is presented in the case of 
the lavatory on the first story. The floor of this lavatory, which ad- 
joined the unheated garage, was an extension of the concrete floor of 
the porch and was laid directly on the ground. Conditions in the 
lavatory, which proved extremely difficult to heat with a conventional 
recessed radiator, are typical of those encountered in certain types of 
basementless houses. As shown by Fig. 12, at an outdoor temperature 
of zero deg. F., and with the same temperature at the 30-in. level, the 
substitution of the radiant baseboard for the recessed radiator re- 
sulted in an increase of 6 deg. F. in the temperature of the air 3 in. 
above the floor. Furthermore, with the radiant baseboard the tempera- 
ture of the air at the 3-in. level was essentially the same as that at 
the 30-in. level. 

A cold floor is a major factor in contributing to discomfort in other- 
wise well-heated rooms, hence the tendency to produce a warm floor 
may be regarded as an important attribute of radiant baseboards. This 
attribute is most important in the case of the basementless house in 
which cold floors are particularly prevalent. Therefore, the use of 
radiant baseboards is especially adaptable to this type of construction. 


13. Wall Surface Temperatures —Figure 13 shows the wall surface 
temperatures, measured on the inside surface of the plaster on the 
north wall of the living room, resulting from the use of the conven- 
tional recessed radiators, the pipe at the floor level, and the radiant 
baseboards. At the times that these observations were made, the out- 
door temperature was approximately 32 deg. F., and the temperature 
of the air in the living room at the 30-in. level was 72 deg. F. It may 
be observed that with the pipe at the floor level and the radiant base- 
board the temperature of the entire wall below the 60-in. level was 
greater than the temperature of the room air at the 30-in. level, 
whereas with the conventional recessed radiator the temperature of 
this portion of the wall surface was from 0.2 to 1.6 deg. F. below the 
temperature of the air at the 30-in. level. Thus, up to a height of 60 
in., both the pipe at the floor level and the radiant baseboard warmed 
the entire surface of the portion of the exposed wall along which they 
were installed. On the other hand, with the conventional recessed 
radiator, only the small portion of the wall forming the back of the 
recess was warmed, and this contributed nothing to comfort because 
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this portion of the wall was hidden by the radiator, which was at a 
much higher temperature. The radiant baseboard was installed so that 
in effect it formed part of the wall itself. In this case the warming 
effect was the greatest because the wall was heated by conduction up 
through the plaster. 

If all other factors except the wall surface temperature remained 
unchanged, the increase in the wall surface temperatures accompanied 
by the use of the floor level pipe and the radiant baseboard would 
result in an increase in the mean radiant temperature in the room. 
However, measurements made at the 30-in. level by means of both a 
thermo-integrator and a globe thermometer in five different locations 
in the living room proved that with conventional recessed radiators 
the mean radiant temperature was about 1 deg. F. higher than the air 
temperature and, with the floor level pipe and radiant baseboards the 
mean radiant temperature was from 0.5 to 1.0 deg. F. lower than the 
air temperature. This condition is just the reverse of that to be ex- 
pected from the wall surface temperatures obtained with the three 
types of radiation. The higher mean radiant temperature obtained with 
the conventional recessed radiators must have been the result of the 
higher ceiling temperatures accompanying the use of these radiators. 
These mean radiant temperature observations indicate that, in an in- 
sulated house, even though the use of radiant baseboards results in 
warmer air near the floor and in warmer inside surfaces for the ex- 
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posed wall, in order to produce the same degree of comfort it would 
still be necessary to maintain the same, or even a shghtly higher, air 
temperature at the 30-in. level with the radiant baseboards than would 
be required with the conventional recessed radiators. Hence the main 
advantage of the radiant baseboard lies in the fact that the use of this 
type of radiation insures that warm floors will be obtained. 


14. Operation With Reduced Air Temperatures at Night—During 
part of each heating season the thermostat setting was reduced at 
night both when operating with the conventional recessed radiators 
and with the pipe at the floor level. In general, the performance ob- 
tained with the pipe did not differ materially from that obtained with 
the conventional recessed radiators.* However, as shown by Fig. 14, 
in the case of the pipe the overruns in the temperature of the air 3 in. 
below the ceiling during the morning warming-up cycle were somewhat 
less than those obtained with the conventional recessed radiators. Data 
obtained for the radiant baseboards were incomplete, but indicated 
that the performance with these baseboards was essentially the same 
as that obtained with the pipe at the floor level. 


15. Fuel Consumption—The fuel consumptions obtained with the 
three types of radiation are shown in Fig. 15. The points representing 
all the observed data are shown in this figure. The average curves, 
however, were obtained by plotting the points for each series on sepa- 
rate sheets, and then drawing the most representative curve for each 
set of data. It may be observed from the curves for series § and series 
R that replacing the conventional radiators with the pipe at the floor 
level resulted in a very slight reduction in fuel consumption. When the 
radiant baseboards, series C-44, were used a further reduction of ap- 
proximately 5 per cent occurred in the fuel consumption. In the latter 
case, however, the radiators were used in connection with a gravity 
system, and, owing to the large size of the pipes, it was necessary to 
insulate the basement mains in order to prevent overheating the 
basement. As a result, an air temperature of about 70 deg. F. was ob- 
tained at the basement ceiling as compared with a temperature of ap- 
proximately 75 deg. F. when the forced-circulation system, with small, 
uninsulated mains, was used in connection with series R and series 8. 
It is probable that the decrease in fuel consumption should be at- 
tributed to this 5 deg. F. decrease in basement temperature which 
caused a decrease in heat loss from the house. Hence it seems safe to 


* The performance with conventional radiators has been fully discussed in Univ. of Ill. Eng. 
Exp. Sta. Bul. 349. 
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assume that no material difference in fuel consumption can be at- 
tributed to the inherent characteristics of the radiators themselves. 

In any case, variations in the effect of wind and sunshine are liable 
to result in deviations of as much as 5 per cent from the averages of 
the fuel consumptions represented by the plotted curves. For this 
reason differences in the magnitudes of the order of those shown in 
Fig. 15 cannot be regarded as significant, and to all intents and 
purposes the fuel consumptions obtained with all three types of radia- 
tors can be considered as practically the same. 


16. Cleanliness of Operation—Immediately after installing the 
radiant baseboards and before any heat was required, all the walls 
were freshly painted and all curtains and draperies were cleaned. After 
operating through a complete heating season of approximately nine 
months no dirt patterns were observed on the walls above the radiant 
baseboards and there was no evidence that the heat had discolored the 
paint on the wall. Furthermore, at the end of the heating season, the 
white curtains at the windows over the radiant baseboards were as 
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clean as were similar curtains at windows under which no radiators 
were located. Neither were in need of cleaning. On the other hand, 
characteristic dirt patterns appeared on the walls above the conven- 
tional recessed radiators on the stair landing and in the kitchen and 
the curtains above these radiators were in need of cleaning long before 
the end of the heating season. 
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Fifty-five cents. ; , 

Circular No. 46. Hand-Firing of Bituminous Coal in the Home, by Alonzo P. 
Kratz, Julian R. Fellows, and John C. Miles. 1942. Twenty-five cents. 

Circular No. 47. Save Fuel for Victory. 1942. Twenty-five cents. ; 

Reprint No. 22. Eighth Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by Herbert F. Moore. 1942. Fifteen cents. : 

Reprint No. 23. Numerical Procedure for Computing Deflections, Moments, 
and Buckling Loads, by Nathan M. Newmark. 1942. None available. 


+ Copies of the complete list of publications can be obtained without charge by addressing the 
Engineering Experiment Station, Urbana, Il 
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Bulletin No. 342. Pressure Losses in Registers and Stackheads in Forced Warm- 
Air Heating, by Alonzo P. Kratz and Seichi Konzo. 1942. Siaty-five cents. 

Bulletin No. 343. Tests of Composite Timber and Concrete Beams, by Frank 
E. Richart and Clarence B. Williams, Jr. 1943. Seventy cents. | 

Bulletin No. 844. Fatigue Tests of Commercial Butt Welds in Structural Steel 
Plates, by Wilbur M. Wilson, Walter H. Bruckner, Thomas H. McCrackin, Jr., and 
Howard C. Beede. 1943. One dollar. : 

Bulletin No. 345. -Ultimate Strength of Reinforced Concrete Beams as Related 
to the Plasticity Ratio of Concrete, by Vernon P. Jensen. 1943. Seventy cents. 

Bulletin No. 346. Highway Slab-Bridges With Curbs: Laboratory Tests and 
Proposed Design Method, by Vernon P. Jensen, Ralph W. Kluge, and Clarence B. 
Williams, Jr. 19438. Ninety cents. 

Bulletin No. 347. Fracture and Ductility of Lead and Lead Alloys for Cable 
Sheathing, by Herbert F. Moore and Curtis W. Dollins. 1943. Highty cents. ; 

Reprint No. 24. Ninth Progress Report of the Joint Investigation of Fissures in 
Railroad Rails, by Norville J. Alleman, Ralph E. Cramer, Russell S. Jensen. 1943. 
Fifteen cents. pale ‘ 

Reprint No. 25. First Progress Report of the Investigation of Shelly Spots in 
Railroad Rails, by Ralph E. Cramer. 1943. Fifteen cents. 2 , 

Reprint No. 26. First Progress Report of the Investigation of Fatigue Failures in 
Rail Joint Bars, by Norville J. Alleman. 1943. Fifteen cents. 

Reprint No. 27. A Brief History of Lime, Cement, Concrete, and Reinforced 
Concrete, by Jasper O. Draffin. 1943. Fifteen cents. 

*Bulletin No. 348. Fuel Savings Resulting From Closing of Rooms and From 
Use of a Fireplace, by Seichi Konzo and Warren S. Harris. 1943. Forty cents. 

*Bulletin No. 349. Performance of a Hot-Water Heating System in the 
I=B=R Research Home at the University of Illinois, by Alonzo P. Kratz, Warren 
S. Harris, Maurice K. Fahnestock, and Ross J. Martin. 19438. Seventy-five cents. 

*Circular No. 48. Magnetron Oscillator for Instruction and Research in Micro- 
wave Techniques, by J. Tykocinski Tykociner and Louis R. Bloom. 1944. Forty cents. 

*Bulletin No. 350. Fatigue Strength of Fillet-Weld and Plug-Weld Connections 
in Steel Structural Members, by Wilbur M. Wilson, Walter H. Bruckner, John E. 
Duberg, and Howard C. Beede. 1944. One dollar. 

*Bulletin No. 351. Temperature Drop in Ducts for Foreed-Air Heating Systems, 
by Alonzo P. Kratz, Seichi Konzo, and Richard B. Engdahl. 1944. Sizty-five cents. 
A Sie No. 352. Impact on Railway Bridges, by Charles T. G. Looney. 1944. 

me dollar. 

*Bulletin No. 353. An Analysis of the Motion of a Rigid Body, by Edward W. 
Suppiger. 1944. Highty cents. 

*Circular No. 49. The Drainage of Airports, by W. W. Horner. 1944. Fifty 
cents. 

*Bulletin No. 354. The Viscosity of Gases at High Pressures, by Edward W. 
Comings, B. J. Mayland, and R. 8. Egly. 1944. Seventy-five cents. 

_*Bulletin No. 355. Fuel Savings Resulting From Use of Insulation and Storm 
Windows, by Alonzo P. Kratz and Seichi Konzo. 1944. Forty cents. 

*Circular No. 60. Bibliography of Electro-Organic Chemistry, by Sherlock 
Swann, Jr. 1944. One dollar. 

*Bulletin No. 356. Heat Emission and Friction Heads of Hot-Water Radiators 
and Convectors, by Frederick E. Giesecke and Alonzo P. Kratz. 1945. Fifty cents. 
_ *Reprint No. 28. Tenth Progress Report of the Joint Investigation of Fissures 
in Railroad Rails, by Ralph E. Cramer and Russell 8. Jensen. 1944. Fifteen cents. 

*Reprint No. 29. Second Progress Report of the Investigation of Shelly Spots in 
Railroad Rails, by Ralph E. Cramer. 1944. Fifteen cents. 

_ “Reprint No. 80. Second Progress Report of the Investigation of Fatigue Failures 
in Rail Joint Bars, by Norville J. Alleman. 1944. Fifteen cents. 
_*Reprint No. 31. Principles of Heat Treating Steel, by Harold L. Walker. 1944. 
F: ae is 
ulletin No. 357. The Bonding Action of Clays; Part 1, Clays in Green Moldin 
Sand, by Ralph E. Grim and F. Leicester Cuthbert. 1945. Fifty-five cents. : 

*Bulletin No. 358. A Study of Radiant Baseboard Heating in the I=B=R 

Research Home, by Alonzo P. Kratz and Warren S. Harris. 1945. Thirty-five cents. 


* A limited number of copies of bulletins starred are available for free distribution. 
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Counc or Liperat Arts AND SCIENCES. —Curriculum - in the Division of General’ 


Studies ; general curriculum with majors in the humanities and sciences ; specialized 
curricula. in chemistry and chemical engineering ; pre-professional curriculum in 


Z 


study of journalism, law, medicine, and dentistry, 


CoLtEcE oF ComMMERCE AND Business ADMINISTRATION, se Saeciali zed curricula in ac- ~ 
- countancy, banking and finance, commerce and law, commercial teaching, economics, | 


ee administration, management, marketing, personnel management, and: public 
affairs. fe 


- COLLEGE OF ENGINEERING.—Curricula in ‘aeronautical, agricultural, ceramic, , chemical, 


civil, electrical, general, mechanical, metallurgical, mining, puplic health, and son } 


tary engineering, and in engineering physics. 


_ COLLEGE or AGRICULTURE.—Curricula in agriculture, dairy technology, floriculture,: home i 


economics, and vocational agriculture; pre-professional training in forestry. 


CoLLecg oF Epucation.—Curricula in education, agricultural education, home econom-_ 
ics education, and industrial education. The "University High School i is the PraGices 


“school of the College of Education, 


COLLEGE OF FINE AND APPLIED Arts:—Curricula in architecture, art, art edtication, land- 


~ scape architecture, landscape operation, music, and music education, 
CoLLecE or Law.—Professional curricula in law. 
‘COLLEGE OF VETERINARY MEDICINE AND SuRGERY.—Establishment ee va June 1, 1944. 


ScHoon or JouRNALIsM.—Editorial, advertising, publishing, and radio tite Bala for 


juniors and seniors. ‘ 
ScHooL or PuysicaL Epucation.—Curricula in physical education. 
_ Lrprary ScHoot, —Curriculum in library science for college graduates: 
GRADUATE ScHooLt.—Advanced study and research. 
Division.of Special Services for War Veterans.—Programs of study for trie war 
» veterans, re 
Summer Term—Courses for Gade beatiante and graduate students. 


University E: xtension Division.—Courses taught by correspondence, chiral courses, © 
speech aids service, and visual aids service, 
1 
Colleges in Chicsed \ 
~_Coriece.or Dentistry.—Professional curriculum in n dentistry. 


CoLLeGE or Mepicine.—Professional curriculum, in medicine; 
curriculum in occupational therapy. 


CoLLecE or PHARMAcy.—Professional curriculum in. pharmacy. 


‘University Experiment Stations, and Research and 
Service Organizations at Urbana ; ; 


‘ 


eopieiier pat. EXPERIMENT. STATION Bureau oF INSTITUTIONAL RESEARCH 
ENGINEERING EXPERIMENT STATION GENERAL PLACEMENT BUREAU 
EXTENSION. SERVICE IN AGRICULTURE _Stupent PErsonnet Bureau, 
AND HomE Economics Bibi’ Sri sign -OW BLT 
Urey ae’ Sake pam a SERVICES. FOR CRIPPLED CHILDREN 
> Bureau or CoMMUNITY PLANNING UNIVERSITY OF- ILLINOIS PRESS 
BUREAU OF EDUCATIONAL RESEARCH SmaLut Homes Councit 


State Scientific Surveys and Other Divisions at. Urbana 


STATE GEOLOGICAL SURVEY State Dracnostic Laporatory (for 
Srate Natura. History Survey Animal Pathology) 
StaTE WATER SURVEY U.S. REGIonAL SOYBEAN LABORATORY 


For Festal catalog of the University, special circulars, and other information, address 
~~ Tarp REGISTRAR, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 
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